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Background: Hospital staff is at high risk of developing mental health issues during the coronavirus (COVID-19)
pandemic. However, the literature lacks an overall and inclusive picture ofmental health problemswith compre-
hensive analysis among hospital staff during the COVID-19 pandemic.
Objectives: To ascertain the prevalence of anxiety, depression and other mental health outcomes as reported in
original articles among hospital staff during the COVID-19 pandemic.
Design: A PRISMA 2020 and MOOSE 2000 compliant umbrella review of published meta-analyses of observa-
tional studies evaluating the prevalence of mental health problems in hospital staff during the pandemic.
Reviewmethods: Systematic searches were conducted in PubMed/Medline, CINAHL, EMBASE, and PsycINFO from
December 1st, 2019, until August 13th 2021. The random effectsmodelwas used for themeta-analysis, and the I2

indexwas employed to assess between-study heterogeneity. Publication bias using Egger test and LFK indexwas
examined. Data was analyzed using STATA 17.0 software. AMSTAR-2 was applied for the quality assessment of
systematic reviews, while we used GRADE to rate the quality of evidence.
Results: Forty-fourmeta-analyses from 1298 individual studieswere included in the final analysis, encompassing
the prevalence of 16 mental health symptoms. One-third of hospital workers reported anxiety (Prevalence:
29.9%, 95% CI:27.1% to 32.7%) and depression (Prevalence: 28.4%, 95% CI:25.5% to 31.3%) symptomatology,
while about 40% (95% CI: 36.9% to 42.0%) suffered from sleeping disorders. Fear-related symptoms, reduced
well-being, poor quality of life, and acute stress symptomshad the highest prevalence amonghospital staff. How-
ever, the quality of evidence in these areas varied from low to very low. Nurses suffered more often from sleep
problems and symptoms of anxiety and depression than doctors, whereas doctors reported a higher prevalence
of acute stress and post-traumatic disorders. The burden of anxiety, depression, and sleep disorders was higher
among female employees than their male counterparts. Remarkably, acute stress and insomnia affected more
than half of first-line medical staff.
Conclusions: The prevalence of mental health problems among hospital staff during the COVID-19 pandemic is
generally high, with anxiety, depression and insomnia symptoms representing the most robust evidence based
on a large dataset of prevalence meta-analyses. However, there is no strong confidence in the body of evidence
for each outcome assessed.
Registration: Not registered.
ROMAN]Tweetable abstract: The COVID-19 pandemic is having amajor impact on themental health of hospital
staff. The need for support must be different for nurses and doctors @eldi12345.
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What is already known

• COVID-19 pandemic is still ongoing and new variants constantly iden-
tified as well as the patient loads continue to increase.

• Hospital staff is at high risk of developing mental health issues due to
the pandemic.
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• However, the evidence for this is inconclusive, while existing studies
show inconsistencies, publication, and small study biases.

What this paper adds

• This review found that fear-related symptoms, low wellbeing, low
quality of life, and acute stress symptoms were highest among hospi-
tal staff during the pandemic.

• Nurses had the highest prevalence of sleep problems, depressive, and
anxiety symptoms while doctors were those with the highest preva-
lence of acute stress and post-traumatic stress symptoms.

• Distinct tailored supporting strategies are needed for doctors and
nurses based on their symptomatology.

1. Introduction

The outbreak of the COVID-19 pandemic, which first emerged in
December 2019, has negatively affected many countries, introduced
changes in daily life, and posed challenges and worries across the
globe (Haleem et al., 2020; Tušl et al., 2021). Furthermore, new variants
of the SARS-CoV-2 coronavirus are raising concerns and fears in all
countries, straining healthcare systems and impacting the decision-
making of healthcare stakeholders (Moore and Offit, 2021). Data from
World Health Organization (WHO) shows that as of October 19 2021,
there are 4,903,911 confirmed deaths and 240,940,937 confirmed
cases globally (//www.who.int/emergencies/diseases/novel-
coronavirus-2019).

As a result, people's physical andmental health is being tested, espe-
cially for hospital staff who are close to the patients and burdened with
caring for and tackling the COVID-19 disease (Greenberg et al., 2020;
Salazar de Pablo et al., 2020). A combination of occupational and non-
occupational risk factors such as insecurity, confinement measures, ex-
tensive media coverage, fear of contamination and workload under ex-
treme pressure have profound adverse effects on the mental health of
hospital staff (Greenberg et al., 2020; Kapetanos et al., 2021; Saeed
et al., 2021). Doctors and nurses have been hardest hit as they are at
the epicenter of the pandemic and constantly providing healthcare ser-
vices (Greenberg et al., 2020; Lima et al., 2020).

Indeed, several surveys have shown increased rates of anxiety, de-
pression, stress, and othermental health issues in this high-risk popula-
tion (Alnazly et al., 2021, Aly et al., 2021, Jahrami et al., 2021a, 2021b,
Kapetanos et al., 2021, Salari et al., 2020a, 2020b). In addition, growing
evidence showed that hospital staff needed frequent and regular
screening for such mental health symptoms and consistent support for
them (Brooks et al., 2019; Greenberg et al., 2020) in outbreak emergen-
cies (Chong et al., 2004; Lee et al., 2018; Zhao et al., 2021). Likewise,
many organizations such as the National Institute for Health and Care
Excellence advocate active surveillance of hospital staff to screen those
who need assistance and provide timely psychosocial support and
care to protect mental wellbeing of employees (Greenberg et al.,
2020; Pfefferbaum and North, 2020).

While acknowledging the undisputed impact of COVID-19 on the
mental health and wellbeing of healthcare workers, we still do not have
a comprehensive portrait emerging from the meta-epidemiological data
of the mental health problems that the COVID-19 pandemic is causing.
This is partly due to the significant statistics variability and pitfalls in
this regard and the lack of solid guidelines for conducting prevalence
meta-analyses (Munn et al., 2020). The number of prevalence meta-
analyses related to themental health of hospital staff has increasedmark-
edly over the past two years (Bareeqa et al., 2021, Li et al., 2021, Marvaldi
et al., 2021, Sahebi et al., 2021, Salari et al., 2020a, 2020b). However,
despite this increase in meta-analysis studies, only one meta-
epidemiological published study appears in the literature (Sahebi et al.,
2021). Moreover, this is limited to the prevalence of depression and anx-
iety without grading the overall evidence- also known as certainty in ev-
idence or strength of evidence. It is an assessment of the likelihood that
the effect is not significantly different from what research has found; i.e.
different enough that it could influence a decision (Guyatt et al., 2013).

Given this, the objective of this work was to conduct an umbrella re-
view approach of systematic reviewswithmeta-analysis (Dragioti et al.,
2019; Ioannidis, 2009; Sahebi et al., 2021) that have been published so
far and evaluate the prevalence of mental health symptoms in hospital
staff during the pandemic. Herein, we aimed to expand the scope of a
typical umbrella review further assessing the strength of evidence and
the extent of potential bias associated with this field of prevalence
meta-analyses. Thefirst aimwas to comprehensively ascertain the over-
all prevalence of mental health problems in this workforce. The second
aimwas to examinehow these prevalencemeta-analyses are conducted
and provide an overview of the meta-analytical methods employed by
the authors for this type of meta-research. The results of this work can
potentially provide aggregated data on the current impact of the pan-
demic on the mental health of hospital staff, primarily focusing on doc-
tors and nurses to guide prevention and treatment policies. Finally, this
work can also provide a useful overview of methodological issues and
concerns related to this type of review.

2. Methods

This umbrella review followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA 2020) reporting
guideline (Page et al., 2021) and the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) guidelines (Stroup et al., 2000) (Sup-
plemental Material Checklists 1 and 2). In addition, the study followed
an a priori protocol, available on request.

2.1. Search strategy

To retrieve potentially relevantmeta-analyses, we conducted a com-
prehensive systematic search in PubMed/Medline, CINAHL, EMBASE,
and PsycINFO. The search strategy was developed according to the
population–exposure–outcome (PEO) criteria and included key and
MESH terms related to COVID-19, mental health symptoms, and
healthcare workers, adjusted in each database. The full search query
for all databases and strings for PubMed are reported in Supplemental
Material Box 1. We additionally searched MedRxiv.org for potentially
relevant preprints, and hand searched the cited references of the re-
trieved articles. No language or setting or any other characteristic re-
strictions were applied. The search was limited to articles published
between December 1st 2019, and August 13th 2021. Two authors (ED
and DT) independently searched the databases, and in the case of dis-
agreements, a third author (MG) resolved any conflict, reaching a con-
sensus between the two authors.

2.2. Study selection and eligibility criteria

We included systematic reviewswithmeta-analysis of observational
studies (i.e., cross-sectional, case–control, cohort, etc.) that examined
the prevalence of mental health symptom among hospital staff during
the COVID-19 pandemic. Hospital staff has been defined as anyone
working in a hospital, including healthcare students doing a clinical
internship.

We includedmeta-analyses reporting results both in total for hospi-
tal staff and separately for doctors, nurses, or other staff (e.g., social
workers, administration staff, etc.). We considered the main analysis
for all primary and secondary reported mental health outcomes from
each eligible meta-analysis. Whenever a prevalence meta-analysis con-
sidered mixed populations (e.g., general population and hospital staff)
or other coronavirus syndromes (e.g., SARS), it was deemed eligible
only if separate results for hospital staff or for novel coronavirus
(SARS-CoV-2 and the associated COVID-19) were reported. The same
rule was applied when a meta-analysis reported prevalence estimates
for physical and mental health outcomes.

http://MedRxiv.org
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We excludedmeta-analyses that examined the prevalence of physi-
cal health symptoms solely, or meta-analyses of populations other than
hospital staff, meta-analyses of intervention studies, systematic reviews
of qualitative studies, systematic reviews assessing the association be-
tween variables (e.g., anxiety and work-related stigmatization), narra-
tive reviews, scoping reviews, or systematic literature reviews without
prevalence meta-analysis. Meta-analyses reporting odds ratio or rela-
tive risks as metrics were also excluded, because such metrics assess
the association between an exposure and an outcome rather than the
distribution of an outcome. While our search had no language restric-
tion; nevertheless only meta-analyses published in English were finally
included due to lack of translation resources for other languages.

All articles obtained from the initial literature search were entered
into EndNote X9 reference manager. Then, after removing duplicates,
two authors (ED and DT) independently searched the titles and ab-
stracts for eligibility. Next, the full texts of potentially relevant articles
were carefully read and assessed against the inclusion and exclusion
criteria, by the same pair of authors. Any disagreement between the
two authors was resolved by a consensus with a third author (MG).

2.3. Data abstraction

For the included meta-analyses, we extracted in pre-defined excel
sheet the standard identifier (PMID or DOI), first authors' names, publi-
cation year, country, the study design of included primary studies, list of
hospital staff evaluated (e.g., doctors, nurses, overall hospital staff,
other, if specified), list of mental health outcomes assessed, number of
included primary studies per meta-analysis, sample size per meta-
analysis, instruments used, period of evidence reviewed, pooled preva-
lence data of the reported mental health outcome (±95%CIs), pooled
prevalence data from subgroup analysis (if available), and any potential
sources of conflict of interest or funding sources. In addition, the defini-
tion of mental health symptoms was extracted as reported in the origi-
nal meta-analyses and included anxiety symptoms, burnout, combined
psychological symptoms, depressive symptoms, deleterious mental
health, fear-related symptoms, insomnia or sleep disturbances, low
overall well-being, low quality of life, obsessive–compulsive symptoms,
phobia, post-traumatic stress, psychological distress, somatization,
stress, and suicidal thoughts/ideation.

We also recorded information regarding the methods applied per
meta-analyses e.g.; databases searched (number and description), pro-
tocol (registered or published), reporting guidelines used, models of
meta-analysis performed and transformations, heterogeneity, and pub-
lication bias.

We used the AMSTAR (A Measurement Tool to Assess Systematic
Reviews) version 2 (Shea et al., 2017) to assess the methodological
quality of included meta-analyses. Independent couples of two authors
(ED, DT, MM, MG) independently performed data extraction and the
methodological assessment. Any disagreement throughout the pro-
cesses was solved by discussion in the research team.

2.4. Data synthesis

For the first aim of our umbrella review, we pooled the individual
overall prevalence in the includedmeta-analyses for eachmental health
outcome. Thus, we performed a second-order meta-analysis to reana-
lyze the extracted individual meta-analyses estimates (Dragioti et al.,
2019; Sahebi et al., 2021). The random-effects inverse-variance model
(DerSimonian and Laird, 1986) was used for meta-analysis due to ex-
pected high heterogeneity between results (Higgins et al., 2003). Het-
erogeneity was calculated as the I2 for each analysis, with an I2 of
>50% indicating large to very large heterogeneity (Higgins et al.,
2003). Publication bias was assessed using the Eggers test (p-value
<0.10) (Egger et al., 1997), only when any outcome was reported in
10 or more included meta-analyses (Simmonds, 2015). Since Eggers
tests and funnel plots might be improper in prevalence meta-analyses
(Hunter et al., 2014), we additionally computed the LFK indexes and
Doi plots, to detect and quantify asymmetry of study effects (Furuya-
Kanamori et al., 2018).

We performed a leave-one-out sensitivity analysis to determine the
influence of each meta-analysis on the overall effect and to identify in-
fluential studies. In the leave-one-out meta-analysis, multiple meta-
analyses are performed by excluding one study from each analysis. It
is common for studies to produce exaggerated effect sizes, which can
skew the overall results. In addition, subgroup analyseswere conducted
whenever feasible (more on three studies) based on profession type,
i.e., doctors vs nurses vs other hospital staff, males vs females, and
front-line (defined as personnel who have worked during the COVID-
19 pandemic to care for patients potentially infected with SARS-COV-
2, but is not necessarily limited to those working in frontline units
such as emergency departments COVID-19 units, or intensive care
units) vs second-line hospital staff (defined as those not working in
frontline units or directly exposed to COVID-19).

Data analysis was performed in STATA/SE, version 17.0 (StataCorp
LLC). We also used a modified approach of the GRADE framework
(Atkins et al., 2004) to rate the overall quality of the evidence on
the prevalence estimates per mental health symptom as high,
moderate, low or very low quality evidence based on study limita-
tions (overall quality of the evidence identified based on AMSTAR
2), imprecision (meta-analyses sample sizes), indirectness (general-
izability of included studies) and inconsistency (existence of hetero-
geneity and publication bias). Details are presented in Supplemental
Material Box 2.

For the second aim, we used descriptive statistics to present the re-
sults. We reported means and standard deviations (SDs) or median
and interquartile range (IQR), as appropriate for quantitative variables
and absolute and/or relative frequencies (n, %) for the qualitative
studies.

3. Results

3.1. Search results

The literature search detected a total of 458 articles (228 after re-
moval of duplicates) and after having scrutinized 106 out of 228 articles
for depth eligibility, we finally included 44 articles (meta-analyses) in
this umbrella review (Adibi et al., 2021, Al Maqbali et al., 2021,
Alimoradi et al., 2021a, Alimoradi et al., 2021b, Arora et al., 2020,
Bareeqa et al., 2021, Batra et al., 2020, Cenat et al., 2021, da Silva and
Neto, 2021, Deng et al., 2021, Dong et al., 2021, Dubé et al., 2021,
Dutta et al., 2021, El-Qushayri et al., 2021, Galanis et al., 2021, Hao
et al., 2021, Jahrami et al., 2021a, 2021b, Krishnamoorthy et al., 2020,
Li et al., 2021, Luo et al., 2020, Mahmud et al., 2021, Marvaldi et al.,
2021, Nowrouzi-Kia et al., 2021, Olaya et al., 2021, Pappa et al., 2020,
Phiri et al., 2021, Raoofi et al., 2021, Ren et al., 2020, Salari et al.,
2020a, Salari et al., 2020b, Salazar de Pablo et al., 2020, Salehi et al.,
2021, Santabárbara et al., 2021, Saragih et al., 2021, Serrano-Ripoll
et al., 2021, Singh et al., 2021, Sun et al., 2021, Troglio da Silva and
Neto, 2021, Varghese et al., 2021, Wu et al., 2021, Xia et al., 2021, Yan
et al., 2021, Zhang et al., 2021, Zhao et al., 2021). Fig. 1 shows the
study selection process and depicts the reasons for article exclusion. De-
tails of the reasons for exclusion are annotated in Supplemental Mate-
rial Table 1 and their references (see references of excluded articles in
the Supplemental Material).

3.2. Characteristics of included meta-analyses

The selectedmeta-analyses were published between 2020 and 2021
and reviewed individual studies published between November 2019
and February 2021 (Supplemental Material Table 2). Twelve meta-
analyses (27%) were conducted in China, five (11%) in multiple coun-
tries and three (7%) in three countries, namely India, Canada, and Iran.



Fig. 1. Meta-analyses selection process.
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Country of origin details for all 44meta-analyses is presented in Supple-
mental Material Table 2. The 44 meta-analyses included a total of 1298
individual studies with a median of 23.5 studies (interquartile range
[IQR] = 12.5–36.5). The total number of participants (hospital staff)
was 1,491,439 with a median number of 21,866 (IQR = 10,267-
58,565). All individual studies included in the eligible meta-analyses
had employed an observational study design (mainly cross-sectional).
Most of them had used self-reporting validated questionnaires (Supple-
mental Material Table 2).

3.3. Methodological quality of included meta-analyses

The results of meta-analyses' quality assessment are presented in
Supplemental Material Table 3. Half of the meta-analyses (50%) had
moderate quality, 43% had lowquality, and only three (7%)had critically
low quality based on AMSTAR2.

3.4. Global prevalence of anxiety and depressive symptoms

A total of 32 and 30meta-analyses, including 838 and 696 individual
primary studies, respectively, examined the prevalence of anxiety and
depressive symptoms among hospital staff during the COVID-19 pan-
demic. The overall prevalence of anxiety symptoms (Table 1; Fig. 2)
was 29.90% (95% CI: 27.14–32.67, I2= 84.5%, P=0.000) and the overall
prevalence of depressive symptoms (Table 1; Fig. 3) was 28.44% (95%
CI:25.54–31.34, I2 = 85.8%, P = 0.000). The lowest prevalence of anxi-
etywas15.9% and thehighest 71.9%,while the lowest prevalence for de-
pressive symptoms was 12.8% and the highest 65.5%. Leave-one-out



Table 1
Prevalence of mental health outcomes in all hospital staff during the COVID-19 epidemic from included meta-analyses.

Outcome No. of meta-analyses
(No. of individual
studies included in
meta-analyses)

Individual
meta-analyses,
prevalence range

Prevalence
(%; 95% CI%)

P-values Events/
Total
sample
size

I2

(%)
Publication
bias
(Egger's p)

LFK index GRADE

Anxiety symptoms 32 (838) 15.9% to 71.9% 29.90
(27.14–32.67)

0.000 >83,439/
691,378

84.5 No (0.59) 1.39 (Minor
Asymmetry)

Moderate

Burnout 5 (22) 12.6% to 37.4% 23.32
(12.41–34.23)

0.000 >7685/
48,701

68.1 NA 4.39 (Major
Asymmetry)

Low

Combined psychological
symptoms

2 (33) 34.0% to 39.3% 34.91
(25.82–44.01)

0.000 NA/NA 0.0 NA NA Very low

Deleterious mental health 3 (9) 11.6% to 46.1% 43.69
(7.83–79.56)

0.05 >402/3327 99.5 NA NA Very low

Depressive symptoms 30 (696) 12.8% to 65.5% 28.44
(25.54–31.34)

0.000 >93,970/
503,418

85.8 No (0.14) 1.76 (Minor
Asymmetry)

Moderate

Fear-Related Symptoms 1 (6) NA 67.00
(61.00–73.00)

NA 2403/
NA

NA NA NA Very low

Insomnia or sleep
disturbances

26 (261) 23.1% to 64.3% 39.45
(36.91–42.00)

0.000 21,144/
225,874

75.9 No (0.25) 1.30 (Minor
Asymmetry)

Moderate

Low QoL 1 (1) NA 45.20
(38.10–52.40)

NA NA/
NA

NA NA NA Very low

Low overall wellbeing 1 (3) 42.6% to 58.9% 52.60
(43.80–61.40)

NA NA/
NA

NA NA NA Very low

Obsessive–compulsive
symptoms

1 (4) 5.3% to 33.6% 16.20
(3.00–29.50)

NA 98/
1126

NA NA NA Very low

Phobia 1 (4) 3.6% to 64.6% 35.00
(8.60–61.40)

NA 111/
1126

NA NA NA Very low

Post-traumatic stress 13 (77) 7.7% to 49.0% 18.75
(13.92–23.57)

0.000 8459/
61,148

79.1 Yes (0.00) 5.61 (Major
Asymmetry)

Low

Psychological distress 9 (56) 16.9% to 57.5% 34.59
(23.04–46.14)

0.000 11,193/
75,676

85 NA 4.55 (Major
Asymmetry)

Low

Somatization 1 (4) 1.6% to 22.0% 10.70
(1.90–19.60)

NA 43/
1126

NA NA NA Very low

Stress 13 (158) 29.1% to 66.6% 44.30
(37.92–50.69)

0.000 1432/
127,960

73.8 Yes (0.03) 2.73(Major
Asymmetry)

Low

Suicidal thoughts/ideation 2 (13) 5.8% to 6.9% 6.17
(5.15–7.19)

0.000 1233/
17,692

15.4 NA NA Very low

NA = not available or applicable, CI = confidence interval, I2 = heterogeneity, LFK = Luis Furuya-Kanamori asymmetry index, QoL = quality of life.
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sensitivity analyses showed that removal of meta-analyses had a mod-
erate influential effect on the pooled anxiety and the depression preva-
lence and the range of prevalence estimates changed after excluding
three meta-analyses with the largest influence (Cénat et al., 2021; El-
Qushayri et al., 2021; Wu et al., 2021) (Supplementary Material Figs.
1, 2). Minor asymmetry was observed by the LKF index and Doi plot
analysis indicating that the results were not significantly affected by
publication bias (Supplementary Material Figs. 3, 4).

3.5. Global prevalence of insomnia or sleep problems

Twenty-sixmeta-analyses, including261 individual primary studies,
examined the prevalence of insomnia and sleep problems among hospi-
tal staff during the COVID-19 pandemic. The overall prevalence of in-
somnia or sleep problems (Table 1; Supplementary Fig. 5) was 39.45%
(95% CI: 36.91–42.00, I2 = 75.9%, P = 0.00). The lowest prevalence of
insomnia or sleep problems was 23.1%, and the highest was 64.3%.
Leave-one-out sensitivity analyses showed that removing meta-
analyses had a moderate influential effect on the prevalence of pooled
insomnia or sleep problems prevalence and the range of prevalence es-
timates changed after excluding seven meta-analyses with the largest
influence (Batra et al., 2020; El-Qushayri et al., 2021; Phiri et al., 2021;
Salazar de Pablo et al., 2020; Wu et al., 2021; Xia et al., 2021) (Supple-
mentary Material Fig. 6). Minor asymmetry was observed by the LKF
index and Doi plot analysis indicating that the results were not signifi-
cantly affected by publication bias (Supplementary Material Fig. 7).

3.6. Global prevalence of psychological distress and stress

A total of 9 and 13 meta-analyses, including 56 and 158 individual
primary studies, respectively, examined the prevalence of psychological
distress and stress among hospital staff during the COVID-19 pandemic.
The overall prevalence of psychological distress (Table 1; Supplemen-
tary Material Fig. 8) was 34.59% (95% CI: 23.04–46.14, I2 = 85.0%,
P=0.000) and the overall prevalence of stress (Table 1; Supplementary
Material Fig. 9)was 44.30% (95%CI:37.92–50.69, I2=73.8%, P=0.000).
The lowest prevalence of psychological distress was 16.9%, and the
highest was 57.5%, while the lowest prevalence for stress was 29.1%
and the highest 66.6%. Leave-one-out sensitivity analyses showed that
removal of meta-analyses had a moderate influential effect on the
pooled psychological distress and stress prevalence and the range of
prevalence estimates changed after excluding four meta-analyses with
the largest influence (Batra et al., 2020; El-Qushayri et al., 2021;
Marvaldi et al., 2021; Singh et al., 2021) (Supplementary Material Figs.
10, 11). Major asymmetry was observed by the LKF index and Doi plot
analysis indicating that the results were significantly affected by publi-
cation bias (Supplementary Material Figs. 12, 13).

3.7. Global prevalence of other psychological symptoms

Table 1 shows the prevalence estimates of other psychological indi-
cators among hospital staff during the COVID-19 pandemic. The lowest
prevalence was found for suicidal thoughts/ideation (6.17%, 95% CI:
5.15–7.19, I2=15.4%, P=0.000) and the highest for fear-related symp-
toms (67.00%, 95% CI: 61.00–73.00). The overall prevalence of post-
traumatic stress (Table 1; Supplementary Material Fig. 14) was 18.75%
(95% CI: 13.92–23.57, I2 = 79.1%, P = 0.000). Leave-one-out sensitivity
analyses showed that removal of meta-analyses had a moderate influ-
ential effect on the pooled post-traumatic stress prevalence and the
range of prevalence estimates changed after excluding three meta-
analyses with the largest influence (Marvaldi et al., 2021; Saragih
et al., 2021; Yan et al., 2021) (Supplementary Material Fig. 15). Major



Fig. 2. The forest plot of overall and individual prevalence of anxiety in the included meta-analyses.
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asymmetry was observed for post-traumatic stress and burnout by the
LKF index and Doi plot analysis indicating that the results were signifi-
cantly affected by publication bias (Supplementary Material Figs. 16,
17).

3.8. Subgroup analysis

Based on profession type analysis, the prevalence rates of anxiety
(31.93%, 95% CI: 27.44–36.4), depressive symptoms (32.59%, 95% CI:
28.81–36.6), and insomnia or sleep disturbances (39.06%, 95% CI:
35.04–43.08), among nurses were higher than doctors and other hospi-
tal staff. Furthermore, the prevalence rates of stress (64.75%, 95% CI:
26.71–100.00) and post-traumatic stress symptoms (39.0%, 95% CI:
18.00–62.00) among doctors were higher than nurses (Table 2).

Based on sex analysis, the prevalence rates of anxiety (38.70%, 95%
CI: 29.45–47.95), depressive symptoms (36.92%, 95% CI:30.10–43.75),
and insomnia or sleep disturbances (32.82%, 95% CI: 25.28–40.37),
among female hospital staff were higher than male hospital staff. In ad-
dition, frontline hospital staff also displayed higher prevalence rates of
anxiety (33.31%, 95% CI: 28.47–38.15) and insomnia or sleep distur-
bances (50.56%, 95% CI: 39.97–61.14) than second-line hospital staff
(Table 2).

3.9. Quality of the evidence – GRADE

We rated the overall quality of the evidence to bemoderate for anx-
iety, depression and insomnia or sleep problems prevalence and low
and or very low for the other mental health symptoms, indicating that
further research could alter our results (Table 1).
3.10. Methodological considerations

Twenty-seven out of 44 meta-analyses (61.4%) published or regis-
tered a protocol (mainly in PROSPERO database and only one published
a protocol in a scientific journal), and 39 (86.3%) used a reporting guide-
line, including PRISMA (n= 38, 86.4%) and MOOSE (n = 1, 2.3%). Seven
meta-analyses used both PRISMA and MOOSE, while three used the
Cochrane Handbook for Systematic Reviews of Interventions alongside
PRISMA. In 41meta-analyses (93.2%), the authors described their funding
sources and only in threemeta-analyses (6.8%), no fundingwas reported.

The median number of databases searched per meta-analysis was 5.5
(IQR 4–7). The most common database in all meta-analyses (100%) was
PubMed. However, two meta-analyses (4.5%) used only one database
(i.e., PubMed), and six (13.6%) used the Cochrane Library as an additional
source of searching, even though this database was limited to interven-
tional studies. Nine of them (20.4%) were restricted to only Chinese stud-
ies. Thirtymeta-analyses (n=30, 68.2%) reported the full search strategy
andused at least one database. However, 11meta-analyses (25.0%) partly
reported the search strategy (presented only the terms or keywords used,
but not how it was designed per database), and three meta-analyses
(6.8%) did not report any search strategy.

In all meta-analyses, the most common instruments were: General-
ized Anxiety Disorder Assessment, Zung's Self-Rating Anxiety Scale,
COVD-19 Anxiety Scale, The State–Trait Anxiety Inventory, Hospital
Anxiety and Depression Scale, Stanford Acute Stress Reaction Question-
naire, Global stress Index, Self-reported Stressor and Incidence
Questionnaire, Perceived Stress Scale, Hamilton Depression Rating
Scale, Zung's Self-RatingDepression Scale, Patient Health Questionnaire,
Depression Anxiety Stress Scale, Impact of Event Scale, PTSD Checklist-
Civilian version, Insomnia Severity Index, and Pittsburgh Sleep Quality



Fig. 3. The forest plot of overall and individual prevalence of depression in the included meta-analyses.

Table 2
Comparison of prevalence of mental health outcomes in hospital staff during the COVID-19 epidemic by subpopulations.

Outcome Subgroup No. of meta-analyses
(No. of individual studies
included in meta-analyses)

Individual meta-analyses
prevalence range

Prevalence
(%; 95% CI%)

I2

(%)
Q
(p-value)

Anxiety symptoms Doctors 8 (90) 17.0% to 41.0% 26.69 (19.76–33.62) 82.5 4.97 (0.08)
Nurses 10 (145) 22.8% to 44.1% 31.93 (27.44–36.42) 70.6
Other hospital staff 3 (24) 19.9% to 39.80% 24.16 (18.76–29.57) 0.0

Depressive symptoms Doctors 7 (72) 24.0% to 40.4% 30.87 (24.86–36.87) 78.7 18.00 (0.00)
Nurses 9 (124) 25.0% to 42.4% 32.59 (28.81–36.6) 29.1
Other hospital staff 2 (21) 14.1% to 20.6% 16.89 (10.58–23.20) 75.3

Insomnia or sleep disturbances Doctors 4 (24) 34.5% to 41.6% 37.23 (32.61–41.86) 0.0 5.57 (0.06)
Nurses 6 (45) 34.8% to 43.0% 39.06 (35.04–43.08) 0.0
Other hospital staff 1 (2) NA 31.80 (27.15–36.45) NA

Stress Doctors 3 (13) 42.0% to 93.0% 64.75 (26.71–100.00) 95.5 1.73 (0.42)
Nurses 4 (71) 40.6% to 51.0% 45.48 (41.01–49.94) 0.0
Other hospital staff 1 (8) NA 36.40 (15.80–57.00) NA

Post-traumatic stress Doctors 1 (2) NA 39.0 (18.00–62.00) NA
Nurses 1 (3) NA 18.60 (4.80–38.30) NA

Anxiety symptoms Male HS 5 (27) 14.3% to 44.2% 31.28 (19.86–42.71) 79.7 0.98 (0.32)
Female HS 5 (27) 26.6% to 50.0% 38.70 (29.45–47.95) 64.9

Depressive symptoms Male HS 5 (28) 20.3% to 40.9% 30.25 (20.54–39.96) 55.8 1.22 (0.27)
Female HS 5 (28) 26.9% to 43.4% 36.92 (30.10–43.75) 21.8

Insomnia or sleep disturbances Male HS 2 (8) 24.0% to 28.6% 25.98 (21.52–30.45) 64.0 2.34 (0.13)
Female HS 2 (8) 29.0% to 36.70% 32.82 (25.28–40.37) 97.3

Anxiety symptoms Front-line HS 11 (101) 19.8% to 45.0% 33.31 (28.47–38.15) 61.7 1.65 (0.20)
Second-line HS 5 (25) 24.7% to 37.0% 28.77 (23.82–33.72) 0.0

Depressive symptoms Front-line HS 11 (87) 23.6% to 53.0% 31.85 (26.95–36.75) 61.8 0.01 (0.93)
Second-line HS 5 (26) 19.6% to 46.0% 31.41 (23.53–39.29) 64.9

Insomnia or sleep disturbances Front-line HS 2 (16) 47.0% to 57.4% 50.56 (39.97–61.14) 0.0 1.95 (0.16)
Second-line HS 1 (4) NA 40.00 (29.65–50.35) NA

Stress Front-line HS 2 (18) 46.0% to 93.7% 69.68 (23.23–100) 99.2 –
Second-line HS – – – –

NA = not available, CI = confidence interval, I2 = heterogeneity, HS=Hospital staff, Q = Cochran's Q test of group differences.
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Index. However, no meta-analysis or individual study has used any for-
mal diagnostic criteria (e.g., ICD-10 or DSM).

All but three meta-analyses (n = 41, 93.2%) assessed the methodo-
logical quality of included studies, but only nine (20.5%) used it as an in-
clusion criterion. Moreover, only 21 meta-analyses (47.7%) reported
that at least two independent reviewers assessed the methodological
quality of included studies. The checklists used for assessing the meth-
odological quality of included studies also varied. The most common
checklists were NOS (n = 10, 22.7%), STOBE (n = 7, 15.9%), the JBI
Appraisal Checklist for Prevalence Studies appraisal tool (n = 5, 11.3%),
and the Agency for Healthcare Research and Quality (AHRQ; n = 5,
11.3%). No prevalence meta-analysis assesses whether the quality of the
reported evidence was high, moderate, low, or very low, using appropri-
ate guidelines such as the GRADE approach (Guyatt et al., 2008).

All meta-analyses (n=44, 100%) employed a random-effectsmodel
(REM). However, only 13 (29.5%) reported the variance estimator used
(i.e., DerSimonian-Lairdmethod), and 14 (31.8%) reported themodel of
transformation used (i.e., Double arcsine or logit). I2 was the most com-
mon index for assessing heterogeneity. Subgroup or sensitivity analysis
was performed in 33meta-analyses (75.0%) andmeta-regression in half
of them (n = 22; 50.0%).

4. Discussion

This comprehensive umbrella review detected 44 meta-analyses
that evaluated the prevalence of mental health symptoms in hospital
staff during the COVID-19 pandemic. The most commonly studied
symptoms across all meta-analyses were anxiety, depression, insomnia
or sleep problems, acute stress, and post-traumatic stress. Notably,
other mental health symptoms including, burnout, ill-being, somatiza-
tion of stress, and suicidal thoughts/ideation are neglected from the lit-
erature. Among hospital staff, doctors and nurses were also the most
studied population. There is moderate evidence that approximately
30% of hospital staff suffered from symptoms of anxiety and depression,
while about 40% of the staff suffered from insomnia or sleep problems.
Our work, furthermore, indicated that hospital staff experienced an
array of mental health symptoms with fear-related symptoms, acute
stress, reduced wellbeing and poor quality of life, being the most af-
fected areas. However, the quality of the evidence in these areas ranged
from low to very low due to the small number of included primary stud-
ies and the consequent presence of publication bias. Overall, the results
of the present study confirm that the COVID-19 pandemic has had a
profound negative effect on the mental health of hospital staff (Olaya
et al., 2021; Pappa et al., 2020; Raoofi et al., 2021). Moreover, the results
underscore the need to regularly assess the mental health of hospital
staff and apply tailored prevention and supporting strategies to this
population (Greenberg et al., 2020; Pappa et al., 2020; Pfefferbaum
and North, 2020).

In our study, the prevalence of anxiety and depression was 29.9%
and 28.4%, respectively. A similar pattern of results was obtained in
Sahebi et al.'s work (Sahebi et al., 2021). Their umbrella review, includ-
ing seven meta-analyses, found a prevalence of anxiety and depression
of 24.94% and 24.83%, respectively. Insomnia or sleep problems and
stress were also high in hospital staff (40% and 44%). Concerning post-
traumatic stress disorder, our results suggest that the prevalence
among hospital staff was 19%. However, these figures are much lower
than those reported in previous meta-analyses. For example, El-
Qushayri et al., including ten studies (El-Qushayri et al., 2021), found a
prevalence of anxiety of 72%, followed by stress (66%), depression
(65%), and insomnia (58%). Another systematic review, including 38
studies, found that post-traumatic stress disorder had the highest prev-
alence (49%) among health care providers during the COVID-19 pan-
demic (Saragih et al., 2021). These discrepancies can be partly
explained by the fact that meta-analysis of proportions heavily
depended on the number of events, the total population, and the num-
ber of included studies (Nyaga et al., 2014). Adding to this, a recent
meta-analysis found thatwith increasing the sample size theprevalence
of depression and anxiety decreased (Salari et al., 2020a, 2020b).

Another explanation is that most of the studies included in previous
systematic reviews were performed during the first six months of the
outbreak of the COVID-19 pandemic, where much worry and uncer-
tainty existed, and people tried to adjust themselves to live with this
emergency (Novelli et al., 2020). Unfortunately, there are no official
data before the pandemic or repeated measurements over time to
have a robust estimation, and therefore our results were influenced by
this event. Comparisons between hospital staff and the general popula-
tion have reported conflicting results (Huang and Zhao, 2020, Jahrami
et al., 2021a, 2021b, Luo et al., 2020, Singh et al., 2021, Zhang et al.,
2020). Another systematic review also suggested that the global sever-
ity of mental health problems among health professionals increased
over time (Mahmud et al., 2021). Nevertheless, since a worldwide
pooled lifetime prevalence of mental health problems in hospital staff
is lacking, we cannot confirm or reject this hypothesis.

Planned comparisons between professions revealed that the pan-
demic affected doctors and nurses differently. This was not the case
for comparisons between female and male staff as well as front-line
and second-line hospital staff. Specifically, we found that the prevalence
of insomnia or sleep problems, anxiety and depressive symptoms was
higher among nurses than among doctors. On the other hand, doctors
had a higher prevalence of stress and post-traumatic stress than nurses,
but they did not reach statistical significance. These findings partly con-
trast with abundant literature showing that nurses were more vulnera-
ble to stress (Luo et al., 2020) but are in linewith the notion that nurses
would suffer from poor mental health outcomes with numerous factors
influencing them (Galanis et al., 2021; Varghese et al., 2021). We spec-
ulate that this might be due to the different responsibilities, health care
tasks, and working hours between the two professions.

Our study failed to confirm that female hospital staff had a statisti-
cally significant higher prevalence of anxiety, depression, and sleep
problems. Other studies have shown that the female sex is a risk factor
for developing severe depression and anxiety among hospital staff (Qiu
et al., 2020; Shahid et al., 2020; Varghese et al., 2021). Female partici-
pants from the general population are also more likely to report higher
levels of anxiety and depression than their male counterparts before
(Cavanagh et al., 2017) and after the COVID-19 pandemic (Qiu et al.,
2020). The prevalence of insomnia or sleep problems (50.5%) and
acute stress (64.8%) was higher in front-line hospital staff regardless
of profession, but without statistical significance. These findings also
contradict some previous work (Cai et al., 2020, Meo et al., 2021,
Salari et al., 2020a, 2020b) but align with others (Liang et al., 2020).
Themost probable reason for these discrepancies is the lack of a control
group. For example, somemeta-analyses have included solely front-line
staff (Salari et al., 2020a, 2020b). Thismay be the reasonwhywe did not
find significant differences. However, it is important to note that the ev-
idence was lacking for other professions or other combinations of com-
parisons in terms of severity of symptoms and detailed gender
differences such as female nurses vs female doctors or front-line nurses
vs frontline doctors etc. Future studies should examine in depth the
mental health burden among hospital staff professions.

Intriguingly, our umbrella review found substantial discrepancies in
conducting, reporting, risk of bias assessment, and data synthesis in this
body of research. Although most meta-analyses followed the PRISMA
guidelines, there is an ongoing discussion if this guideline is appropriate
for reporting prevalence meta-analysis (Borges Migliavaca et al., 2020).
Another major controversial area is the risk of bias assessment of the in-
cluded studies and the diverse checklists and tools used to assess their
bias. However, it was encouraging that only a very low number of publi-
cations did not appraise the included studies quality. Another important
finding is that solid meta-analytical synthesizing methods are lacking,
and the large heterogeneity cannot be accurately explained. The different
measurement scales used to collectmental health outcomesmay account
for the significant heterogeneity observed (Alba et al., 2016).
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Furthermore, we identified various reasons for the low overall evi-
dence in this regard, namely; a)most ofmeta-analyses includedmoder-
ate or low-quality studies (mainly cross-sectional designs), b) most of
the included studies were conducted in a specific context, China,
c) there was considerable inconsistency in the prevalence estimates,
with high heterogeneity and publication bias, and d) there was a lack
of prevalence estimates for the most of mental health outcomes with
few exceptions. These methodological considerations highlighted the
importance of improving the design and execution of prevalence
meta-analyses and developing and validating a reporting tool.
4.1. Limitations

This is the first umbrella review examining the largest dataset of
prevalence meta-analyses of the effects of COVID-19 on hospital staff's
mental health currently available. Our large sample size, the solidmeth-
odology, and the grading of evidence are additional strengths. Our study
also sheds light on the methodological discrepancies in this body of
research. A major source of limitation is the exclusion of non-English
articles, the low quality of included studies in meta-analyses and the
cross-sectional study design with self-reported measurements, and
convenience sampling. However, we pinpointed the overall available
evidence showing the drawbacks observed here and suggesting that it
is crucial to rely on well conducted primary and secondary studies,
but this is not always the case. As wementioned, the evidence is lacking
for many outcomes, professions, and direct comparisons. This
prevented us from examining for heterogeneity sources, although this
is out of the scope of an umbrella review. Our study also failed to
identify reasons that might affect the manifestation of these mental
health symptoms asmost of the studies did not examine the underlying
causes. Finally, we cannot find a trend of symptoms over time or show
whether these mental health symptoms are similar or different before
the pandemic.
5. Conclusions

On this basis, we conclude that the impact of the COVID-19 pan-
demic on the mental health of hospital staff is generally high. Nurses
are affected most by symptoms related to anxiety, depression, and
sleep problems, while doctors are affected most by symptoms related
to stress and post-traumatic stress disorder. These findings confer
great opportunities for stratifying themental health needs byprofession
to detect high-risk professions and provide timely and effective treat-
ment approaches based on their symptomatology. An increasing num-
ber of meta-analyses are currently performed to investigate the
prevalence and the factors potentially associatedwith themental health
impact in hospital staff. Our study findings also confer great opportuni-
ties for the development ofmeta-analytical methods of prevalence data.
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